Aims: To correct renal anemia, subcutaneous (SC) route of recombinant human erythropoietin (rhuEPO) administration has been associated with increased efficacy and decreased dose requirements, when compared with intravenous (IV) route. The effect of obesity as a potential modifier during rhuEPO administration has not been well explored. 
INTRODUCTION
Successful management of chronic renal insufficiency involves addressing multiple metabolic abnormalities, including correction of renal anemia and relative erythropoietin deficiency with recombinant human erythropoietin (rhuEPO) administration [1, 2] . The most common route of rhuEPO administration in United States is the intravenous (IV) route, in keeping with KDOQI guidelines favoring IV administration for patient convenience 1 . However, IV conversion has been associated with increased rhuEPO and intravenous iron requirements [3] and up to 30% less total dosing of rhuEPO might be required to achieve identical hemoglobin (Hgb) goals via subcutaneous (SC) route [4, 5] . One theoretical criticism of SC rhuEPO dosing is the reduced or variable efficacy in obese patients due to decreased bioavailability. The data in obese women with regard to similarly sized hormones (follicle stimulating hormone, human chorionic gonadotropin) are conflicting [6, 7] . Concerns regarding worsening BP control with rhuEPO administration, especially via IV route, persist in the medical literature [8, 9] . Further, recombinant erythropoietin or similar analogs are expensive and achieved hemoglobin elevations in excess of > 12 gm/dL appeared harmful in large trials [10] [11] [12] , as well as during meta-analysis of existing literature [13] . The recent change of U.S. Center for Medicare and Medicaid Services (CMS) reimbursement arrangement may have removed the incentives for administering excessive doses of rhuEPO for financial gains in dialysis units of the U.S. These rules eliminated the separate payment for injectables and created a "bundled" payment for all services related to endstage renal disease (ESRD) into a single payment entity. Our study aimed to answer the question whether Body Mass Index (BMI) could potentially influence the reduction of rhuEPO dosing during conversion from the IV to the SC route. Our theory was that such dose reduction will vary between defined BMI categories.
MATERIALS AND METHODS

Study Population
The University of Mississippi Medical Center (UMMC) provides care for a large (≥100) cohort of predominantly African American dialysis patients at the Jackson Medical Mall Outpatient Dialysis Unit, a metropolitan in-center unit in Jackson, MS. After revising our anemia management protocol in March of 2009, we attempted to switch our entire patient population from IV to SC rhuEPO utilization. Patients were included in the study if they received rhuEPO for management of ESRD-associated anemia and switched from IV to SC dosing during March of 2009. Additional enrollment criteria were African American race and a dialysis vintage of ≥3 months. Of all the qualifying 90 subjects, four refused to undergo the SC conversion, leaving us with 86 patients. We undertook a retrospective chart review study of all patients (N=86) undergoing such conversion, after monthly laboratory tests have been obtained and subsequently maintained on such regimen at least until December of 2009, when the examination period ended. We collected data both at baseline (February and March, 2009) and, after a six-month equilibration period, during a follow-up period (September, October, November of 2009). We collected data on both demographic and anthropometric (age, gender, race, weight, body length and calculated Body Mass Index) as well as laboratory variables (hemoglobin, hematocrit, iron saturation, ferritin and reticulocyte count). Doses and route of rhuEPO were recorded both at baseline and during the follow-up period. Anemia management was executed according to our institutional dialysis-associated anemia management protocol, which could be overruled only by the patients' physicians. The anemia management protocol included an IV iron protocol and most of the patients received iron sucrose at a dose 50-100 mg weekly. The study was reviewed and approved by the University of Mississippi Human Research Office (formerly: Institutional Review Board) and approved in accordance with the revised 1983 Helsinki Declaration (IRB approval number #2010-0028).
Measurements
Age was the number of full calendar years completed since birth. Gender was self-reported and either male or female. Ethnicity was exclusively African-American and self-defined. Weight was recorded as the physician-prescribed ideal ("target") weight for the recoded month. BMI was calculated based on patients' height and weight, and expressed as kg/m 2 . Laboratory test results were provided via contracted third-party laboratory services provider (Spectra Laboratories, Inc.; Milpitas, CA). Medical records were updated within the month of data collection.
Statistical Methods
Data on patient characteristics are shown as mean ±standard deviation (SD) for continuous variables or percentages for categorical variables.
Select variables (rhuEPO/week, rhuEPO/week/kg of body weights) were also reported with medians and 25-75% interquartile range (IQR). Partly to minimize month-to-month variations and to decrease the number of missed observations, the results from the months before the conversion (February/March) summed up and averaged together for data analytic purposes. Similarly, the observations from the outcome period (September/October/November) were analyzed together. Patients were divided into three categories based on their BMI (<25, 25-35, and ≥35 kg/m 2 ). Paired samples T-test and linear regressions were utilized for data analyses. Statistical analysis was performed using SPSS 18 (IBM Corporation, Armonck, NY).
RESULTS AND DISCUSSION
Baseline characteristics of the cohort are presented in Table 1 . At the start of the study, all patients were exclusively on IV rhuEPO (Epoetin alfa, Amgen Inc., Thousand Oaks, CA); molecular weight: ~ 30,400 Daltons. The study cohort was an elderly middle-aged, exclusively African-American cohort, gender balanced and generally overweight (mean BMI 29.9 ±7.4). According to BMI categories: 27 (31.3%) patients had BMI <25, 38 (44.1%) BMI of 25-35, and 21 (24.4%) had BMI >35 kg/m 2 . Monitored parameters did not meaningfully change during the February to March period, with the exception of ferritin (P=0.045). The IV to SC conversion took effect during or shortly after the monthly laboratory studies have been obtained in March. During the six months equilibration period, eleven patients had been lost for follow-up due to death, renal transplantation, transfer to another units or conversion to peritoneal dialysis. At the end of the observation period, data from 72 (83.7%) patients were available who successfully converted and maintained on SC rhuEPO. A consistent and otherwise unchanged anemia management protocol was used for both periods of observation. The cohort's rhuEPO utilization during this period is shown in Fig. 1 . We observed a remarkable stability of hemoglobin, iron saturation and ferritin during this period (P=NS for change). Recombinant erythropoietin use of the cohort, separated according to BMI, during summarized baseline and follow-up period is shown in Table 2 . Initial rhuEPO weekly dose for the entire cohort was 19,729 (17,448) Units/week (U/week); final dose 17,482 (14,860) U/week, with close correlation between initial and final doses (r 0.653, P<0.0001). Comparing the mean weekly IV rhuEPO dosing for baseline (February/March) with SC dosing during the follow-up period (September-October-November), there was a small decrease in rhuEPO utilization for the entire cohort: 2,247 Units/week or -11.4%, which was not significant (P=0.205). Separated according to BMI categories, in category 1 (lean) we observed minor, non-significant reduction (630 Units/week; -4.5%) of rhuEPO use, whereas in category 2 (overweight/class 1 obese) a trivial rise (313 Units/week) during conversion, both of these changes not being statistically significant. However, in category 3 (BMI ≥35) we noted a large decrease of 9,017 Units/week (35.4%), showing a strong trend, albeit not reaching statistical significance (p=0.081). However, BMI had no independent effect in linear regression modeling with multiple covariates (age, BMI; age, BMI, iron saturation, ferritin) included (P=NS). 
Y-axis: rhuEPO, Units/week; X-axis: rhuEPO use, grouped according to BMI (kg/m 2 )
In keeping with overall burden of obesity in the local community [14, 15] , we found a significant burden of obesity in the 3 rd BMI category group, in those reaching or exceeding Class 2 obesity (BMI >35 kg/m 2 ). Among these subjects, we demonstrated a possible differential effect of obesity during IV to SC rhuEPO conversion. Compared with the US cohort of the Dialysis Outcomes and Practice Patterns Study (DOPPS), our BMI I and 2 categories sub-cohort had slightly lesser, while BMI category 3 had more excessive rhuEPO utilization, than reported from DOPPS (17,360 U/week) [16] . In our cohort, only the obese subjects showed the expected reduction in rhuEPO dose, suggesting these participants may account for a disproportionate amount of rhuEPO dose reduction during IV to SC 
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Since rhuEPO's initial introduction [19] , the benefits on quality of life certainly has been well recognized [20, 21] and it has been part of the standard armamentarium of nephrology providers. At present time, professional guidelines remain uncommitted on IV vs. SC route for in-center dialyzed patients [2] . On the other hand, the convenience and reduced discomfort of IV route is well established [4, 22] . An additional driving force for IV route in the past (before January of 2011) was the reimbursement scheme of CMS offering separate payment for injectable medications received during renal dialysis [23] . Published studies to date are in some disagreement with regard to efficacy of conversion to reduce rhuEPO utilization. For example, in the VA Cooperative Study, SC (rather than IV) group assignment was associated with an approximately one-third dose requirement reduction (95 versus 140 U/kg per week) [4] . On the other hand, in the DOPPS study overall a 14% reduction was noted in association with SC route, but in the US cohort this reduction was only 3% [16] . Additionally, the lack of beneficial effect of SC conversion may also be attributed to the relatively good iron-supplied state of our cohort [24] .
Other limitations of our study also should be strongly emphasized, including the singlecenter design, small number of participants, limited number of variables, as well as the lack of control group and loss during subsequent follow-up. Beyond iron saturation and ferritin level we did not measure other parameters of iron supply. Blood pressure results were not collected during the study and it is uncertain, whether IV to SC rhuEPO conversion influenced blood pressure control to any degree. We did not formally queried complaints of local discomfort with SC injection; however, the excellent acceptance rate of the conversion process (86 of 90 subjects, or 95.5%) suggested this was not a major issue in our cohort. Furthermore, the lack of reaching nominal statistical significance should caution us from over-interpreting our results and should call on additional studies on the effect of obesity modifying efficacy of recombinant erythropoietin during IV vs. SC administration. Nonetheless, our main intention was to demonstrate in a pilot study what may be a generic concern with biological preparations and laying the groundwork for additional work in larger databases or prospective studies.
In summary, we found that SC conversion well accommodated in almost all subjects and SC route was not inferior to intravenous route during rhuEPO administration. Our results suggest that any possible dose reduction achieved via SC conversion of rhuEPO would be, if any, limited to subjects with Class 2 obesity (Body Mass Index > 35 m/kg 2 ). Nonetheless, while the rhuEPO reduction did not reach statistical significance (p=0.081), the overall, unitlevel dose reduction of rhuEPO use in Class 2 obese was relatively large (~1/3), resulting in large potential cost-saving for the dialysis unit on the whole. This potential benefit is to be counter-balanced by patients' preference and elimination of discomfort of SC injections, when injecting IV rhuEPO directly into blood circuit directly during dialysis.
CONCLUSION
Our results affirmed a strong statistical trend, but no conclusive proof that IV to SC conversion of rhuEPO administration may be differentially influenced by the presence of obesity. This finding may be relevant to other injectable hormones and cytokines of similar molecular size.
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